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Introduction One of the most common causes of revision hip arthroplasty is aseptic instability of the primary implant. The 
acetabular component of the implant is less stable, even if fixed with bone cement. Two merits of cemented replacement are 
important for practical activity of an orthopaediс surgeon: its need for elderly patients and its low cost. In this regard, it is 
important to predict aseptic instability of the acetabular component and increase its survival by improving the methods of 
cemented fixation. Purpose To develop a method of predicting the probability of revision hip arthroplasty with replacement of 
the acetabular component. Materials and methods We studied 102 patients who underwent total cemented hip arthroplasty. 
Six clinical and radiological criteria were identified associated with revision after 10 years using a multifactorial pathometric 
analysis. Results A system was developed that allows integral calculation of the probability of revision hip arthroplasty with 
replacement of only the acetabulum component. The retrospective analysis confirmed the prognosis in 83.3 % of clinical 
cases. Conclusion The method proposed for prediction allows for a differentiated approach to cemented fixation of the 
acetabular component in primary arthroplasty, minimizing the probability of revision in 10 years.
Keywords: prognosis, revision arthroplasty, hip joint, acetabular component

INTRODUCTION

Aseptic instability of a primary implant is one of 
the most common causes of revision hip arthroplasty 
[1–5]. The acetabular component is less stable in 
terms of durability. Its aseptic loosening occurs one 
and a half to two times more often than of the femoral 
one [6, 7]. It refers to both cementless and cemented 
types of fixation, despite the continuous improvement 
of the technical qualities of implants and methods of 
their installation in both types of arthroplasty [8–11]. 
At the same time, cemented arthroplasty is more 
attractive due to its lower cost and the possibility of 

early mobilization, which is important for elderly 
patients [12].

There arises the question of predicting aseptic 
instability of the acetabular component to take 
measures to increase its survival by improving 
cemented fixation [13–15].

Our purpose was to develop a method for 
predicting the probability of revision hip arthroplasty 
that includes the replacement of the acetabular 
component, depending on the cemented fixation type 
in the initial operation of total cemented arthroplasty.

MATERIAL AND METHODS

The study is based on clinical and radiological 
data of 102 patients, treated in the period from 
2005 to 2017. All patients underwent primary 
total cemented hip arthroplasty and gave written 
voluntary informed consent to participate in the 
study.

Patients were examined before surgery and twice 
after it, one year and ten years after the operation. 
During these time periods, twenty-two clinical and 
radiological criteria were studied prospectively and 
retrospectively in all the patients. They characterized 
pain, function of the lower limb, physical activity of 

the patient, functional length of the limb, range of 
motion in the hip joint, radiological picture in the 
involved hip. A number of criteria and their severity 
grading were borrowed from the Harris scale system.

A ten-year period after the primary operation was 
taken as the endpoint of the study, when, according 
to the literature, aseptic instability of the acetabular 
component develops most frequently. Therefore, in 
practical terms, the ten-year follow-up period was the 
most important for prediction. Thus, those who were 
operated on in 2007 were examined in 2017, and those 
who underwent primary replacement in 2006 and 2005 
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were studied in 2016 and 2015, respectively. So, the 
operations of primary total cemented hip arthroplasty 
in 102 patients included in the study were performed 
only in 2007, 2006 and in 2005.

Primary coxarthrosis was an indication in 
54 patients (52.3 %); the indication for surgery was a 
fracture of the femoral neck in 28 (27.4 %) and post-
traumatic coxarthrosis in 20 (20.3 %) patients. There 
were 44 males. Their average age at the time of the 
primary operation was 72.3 ± 2.3 years. There were 
58 females in the average age of 68.1 ± 2.1 years.

 “Moderate” signs of bone rarefaction were 
visually detected in preoperative X-rays of the hip 
joint in all patients, including 28 individuals with 
femoral neck fractures, that corresponded to grades 5 
or 4 of the Singh index. A focused densitometric study 
was not performed. If the preoperative radiographs 
revealed a completely obvious enlightenment of 
bone tissue in the area of surgical intervention, then 
it was interpreted as “pronounced rarefaction”, which 
corresponded to grades 3 to 1 of the Singh index. 
During the operation, an orthopedic surgeon often 
revealed thinned bone rods, coarse spongy bone and 
its excessive fragility.

They were consulted by endocrinologist with the 
aim of preventing fractures and those patients were 
prescribed an individual treatment regimen, including 
non-medication measures (regular motor activity, 
wearing protectors). One year after the primary operation, 
densitometry was performed in 34 patients. According 
to the T-criterion, the level of bone mineral density in 
them did not exceed -2.5 SD, which corresponded to 
osteopenia. At the 10-year follow-up, no fractures due 
to osteoporosis occurred in those patients.

Initially, metal-on-polyethylene implants were 
installed in all the patients. The technique of cemented 
fixation of the acetabular component in the initial stages 
of the operation was as follows. After opening the hip 
joint capsule, the acetabulum was treated with cutters. 
One of the most important tasks that an orthopedic 
surgeon solved during the operation was to achieve full 
hemostasis. The bone surface was thoroughly treated 
with a pulsating aseptic fluid, by pressing with napkins, 
rubbing and pressurization of the bone cement.

Depending on the subsequent stages of primary 
arthroplasty, the patients were randomly assigned to 
three groups. Randomization was performed using 
the "sealed envelope" method. By signing a written 

voluntary informed consent, every patient was asked 
to open one of the three envelopes. Each envelope 
indicated only one variant of the operation (one of the 
options for cementing the acetabular component). The 
first envelope contained the variant with six random 
blind holes and immediate pressing of bone cement. 
The second one was an option also with six random 
blind holes and two-stage pressurization of the bone 
cement. The third one was a variant with only two 
blind holes and only in the roof of the acetabulum 
and two-stage pressurization. The clinical groups 
were recruited depending which envelope the patient 
chose, and the intervention adhered to the technology 
of acetabular component fixation chosen.

The patients of the first group (37 patients) had six 
blind holes, 6 mm deep, in a random order in the wall 
of the acetabulum with a 6-mm drill tip. After that, a 
single dose of non-solidified cement was placed in the 
acetabulum, which the surgeon pressed and rubbed 
with his thumb into the acetabulum wall. An acetabular 
component which was slightly covered with a thin layer 
of the cement was introduced into the acetabulum thus 
prepared at an inclination angle of 45° and an anteversion 
angle of 15°. Next, a pronounced pressure was exerted 
on the acetabular cup which was held in place with a 
standard positioning device. This was the essence of the 
technique of immediate bone cement pressurization.

After six similar blind openings had been produced 
in the patients of the second group (31 patients), bone 
cement was pressed twice. An unhardened bone cement 
mass of about half a single dose was introduced into the 
acetabulum. Using a standard impactor or several gauze 
napkins, embedded in a rubber medical glove, this 
cement mass was subjected to a pronounced pressure 
for two minutes (first moment of pressurization). After 
that, an implantable cup, previously coated with the 
remaining half of the cement substance, was installed 
in the acetabulum. The cup was given the necessary 
position and only then it was held in this position due 
to slight pressure with a standard positioning device 
(second moment of pressurization).

In the third clinical group (34 patients), only two 
blind openings of the same size and shape were created, 
but only within the most loaded area of the acetabulum, 
in its roof [16]. After that, two-stage bone cement 
pressurization was performed similarly as in the patients 
of the second group. A schematic presentation of the 
operation completed is shown in Figure 1.
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Fig. 1 Completed operation performed in patients of the 
third clinical group: a femoral component; b acetabular 
component; c two blind holes in the roof of the 
acetabulum, filled with bone cement; d cemented mantle 
formed after two-stage pressurization

Accordingly, three options of cemented fixation of 
the acetabular component in these three groups were 
considered [17, 18]. The technique of the femoral 
component implantation was the same and was based 
on the principles of the third generation of cemented 
fixation.

In patients with a "pronounced rarefaction" of 
bone tissue, bone cement was also used to fix the 
acetabular component, but blind holes were not 
produced, and the cement mantle was reinforced with 
two or more full-threaded screws for spongy bone 
that were inserted into the most loaded area of the 
acetabulum, its roof. Such patients were not included 
in this study. Due to the apparent fragility of their 
bone tissue, this category of patients was considered 
an object for a separate specially organized study.

Three clinical groups were recruited only 
according to the type of fixation while the three 
nosology types were distributed evenly in the groups. 

Bone cement of medium viscosity based on 
polymethylmethacrylate was used in all the patients. 
It was mixed in an open bowl. All the arthroscopy 
procedures were performed by a team of five 
orthopaedic surgeons of the same hospital department 
of a multidisciplinary hospital who were experienced 
in all three types of cemented fixation. 

Inclusion criteria were a unilateral hip lesion 
and acetabular component fixation with medium 
viscosity bone cement with pre-formed blind holes 
in the acetabulum wall. The exclusion criteria were 
cases of visual (during the primary operation) signs 
of "pronounced rarefaction" of bone tissue and cases 
of revision surgery with replacement of the femoral 
component. The study endpoint was 10 years after 
the initial operation for 59 patients in whom revision 
was not performed and 43 patients with revision 
arthroplasties that included replacement of only 
the acetabular component. The only indication for 
revision was the aseptic instability of the acetabular 
component. Nosological types, primary coxarthrosis, 
secondary coxarthrosis, fracture of the femoral 
neck, for which primary arthroplasty was performed 
did not have a statistically significant effect on the 
revision rate.

Statistical processing used the methods of 
descriptive statistics and correlation analysis, 
determining the significance of differences between 
the groups according to the value of the Student’s 
and Fisher’s criteria. A multivariate pathometric 
analysis was performed, on the basis of which an 
evaluation system was developed for the dependence 
of each of the three options for cementing the 
acetabular component with the facts of revision 
arthroplasty with replacement of the acetabular 
component only after 10 years, the maximum term 
in the development of aseptic instability of the 
acetabular component [19].

We used the STATGRAPHICS Plus for Windows 
software package version 4.0 for calculations,. 
The study was conducted in accordance with the 
requirements of the Helsinki Declaration of the World 
Medical Association (as amended in 2013). This work 
is a randomized, open, comparative, controlled study.

The article was prepared on the basis of 
the dissertation for the degree of candidate of 
medical sciences “Improving the fixation strength 
of the acetabular component in total cemented 
hip arthroplasty” (author A.K. Usov, supervisor 
S.N. Izmalkov), defended in 2018.

RESULTS

The pathometric analysis identified six criteria 
that have the highest informative value and influence 
on the probability of both performance and non-

performance of revision. Such criteria, with the 
corresponding values of general information impact 
(in brackets) were the distance of ambulation (5.8); 
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the need for additional means of support (2.4); the 
ability to sit (2.2); the ability to put on socks and 
shoes (1,4); severity of pain in the hip (0.9); and the 
ability to walk up and down the stairs (0.5).

A special computer program (State 
Registration No. 2017617380 dated 07/04/2017) 
was developed and the above six criteria 
were introduced to calculate a comprehensive 
indicator retrospectively in each of 102 patients. 
It was named the "integral indicator of revision 
arthroplasty with replacement of the acetabular 
component" (abbreviated, II). Final statistical 
characteristics of the developed evaluation 
system: χ2 criterion – 90.1; sensitivity – 96.7 %; 
specificity – 97.6 %; positive diagnostic value – 
98.3 %; negative diagnostic value – 95.4 %.

It was established that the higher the II value, 
the less was probability of revision arthroplasty, 
regardless of the variant of the primary cemented 
reinforcement of the acetabular component. On the 
contrary, the smaller was the II value, the greater was 
the likelihood of revision intervention. However, in 
both cases, the likelihood of revision was the least 
in patients of the third group, which testified to the 
significant clinical significance of the option to fix 
the acetabular component applied in them, two-stage 
pressurization with the preliminary formation of only 
two blind holes in the roof of the acetabulum.

The II developed was retrospectively calculated in 
all 102 patients; after that the possibility of determining 
its prognostic value became obvious by dividing the 
sample into four prognostic groups: satisfactory, 
relatively satisfactory, relatively unsatisfactory, and 
unsatisfactory prognosis. The II values ranged from 
+26 to –36 conventional units (Fig. 2).

Fig. 2 II values in the sample studied 

Based on multivariate pathometric analysis, 
II  values equal to +15 and -15 units were defined 
as borderline ones. Four prognostic groups 
were revealed: from +16 and higher were with 
satisfactory prognosis (28 patients), from 0 to +15 
with relatively satisfactory (20 patients), from -1 to 
-15 – with relatively unsatisfactory (33 patients) and 
from -16 and lower with an unsatisfactory prognosis 
(21 patients).

To clarify the statistical reliability of this 
distinction, we studied the distribution of II values 
in four prognostic groups and the facts of revision 
performance or non-performance after 10 years 
(Table 1).

Satisfactory and relatively satisfactory 
prognosis was calculated in 48 patients and was 
retrospectively confirmed in 45 patients, who did 
not perform the revision operation, and was not 
confirmed in three patients who underwent the 
revision.

A relatively unsatisfactory and unsatisfactory 
prognosis was calculated in 54 patients and was 
confirmed in 40 patients, who performed the 
revision; and was not confirmed in 14 patients, 
in whom, on the contrary, the revision was not 
performed.

Thus, out of the whole sample, the prognosis 
was confirmed in 85 patients (83.3%), and was not 
confirmed in 17 patients (16.7%) (Table 2).

The mathematical models used in biological 
systems are considered acceptable if they provide 
a diagnostic accuracy in the range of 70–90 %, and 
the probability of error in the diagnosis is no more 
than 10–30 % [20]. Therefore, we believe that the 
confirmation of the prognosis in 83.3 % of clinical 
observations can be interpreted as the value of the 
clinical efficiency of the prognosis (diagnosis) of the 
revision intervention.

In addition, we examined the relationship between 
the facts of non-performance and implementation of 
the revision and groups of patients (Table. 3).

The revision intervention was more frequent in 
the patients of the first group and the least frequent 
in the third. Correspondingly, on the contrary, non-
performance was more frequent in the third group 
and less frequent in the first one. 
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Table 1
Distribution of patients according to prediction type and revision performance

Prognosis type
Revision

Non-performed Performed
n % n %

Satisfactory, n = 28 27* 96.3 1** 3.7
Relatively satisfactory, n = 20 18* 90.0 2** 10.0
Relatively unsatisfactory, n = 33 13** 39.4 20* 60.6
Unsatisfactory, n = 21 1** 4.8 20* 95.2
Total, n = 102 59 57.8 43 42.2
Note: * – prognosis confirmed; ** – prognosis unconfirmed 

Table 2
Distribution of patients according to revision prognosis, its performance or non-performance

Prognosis 
Revision 

Total
Not performed Performed 
n % n % n %

Confirmed 45 76.3 40 93.0 85 83.3
Non-confirmed 14 23.7 3 7.0 17 16.7
Total 59 100 43 100 102 100

Table 3
Distribution of patients according to revision performance or non-performance in the clinical groups

Revision 
Clinical groups

I II III
n % n % n %

Not performed, n = 59 8 13.6 18 30.5 33 55.9
Performed, n = 43 29 67.4 13 30.2 1 2.4
Total, n = 102 37 36.3 31 30.4 34 33.3

DISCUSSION

Studies to predict the results of such operations 
are few. So, N. Arden et al. identified six predictors 
of revision hip and knee joint replacements at five 
years after the primary operation: pain severity, 
grade of impaired limb function, self-service 
limitations, age, mental status, and radiological 
width of the joint gap. Moreover, the prognosis 
was not associated with cemented or cementless 
arthroplasty. No recommendations were given on 
tactics in cases of anticipating an adverse outcome 
[21]. I. Kaymaz et al. emphasize the need for 

more time duration for calculating the numerical 
parameters of the prediction [22].

Our study enabled a ten-year perspective to stratify 
the prediction into four types with the definition of 
numerical boundaries between them and formulate 
recommendations on the initial variant of cementing 
for each prediction type (Table 4).

Computer calculation of the prognosis and 
decision-making on the tactics of cementing the 
acetabular component of the hip implant takes up to 
five minutes.

Table 4
Recommendation on cemented fixation of the acetabular component

II value Prognosis type Variant of cementing 
(+)16 and > Satisfactory Any of the three 
0 – (+)15 Relatively satisfactory Second or third variant
(-)1 – (-)15 Relatively unsatisfactory Variant three
(-)15 and < Unsatisfactory Preferable variant three 
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CONCLUSION

1. Prediction of hip arthroplasty revision 
probability with replacement of the acetabular 
component 10 years after the initial cemented total 
arthroplasty can be carried out on the basis of six 
clinical and radiological criteria identified before 
the primary operation, followed by calculation the 
II index of the probability using a special computer 
program.

2. Among the options for cementing the 
acetabular component, the most optimal that shows 

the least probability of revision, is the third option, 
which provides only two blind holes in the roof 
of the acetabulum and the subsequent two-stage 
pressurization of bone cement.

3. Clinical efficiency of the proposed differentiated 
tactics for cementing the acetabular component in hip 
arthroplasty reaches 83.3 %.

4. As the number of cases increases, this method for 
predicting aseptic instability can also be extended to 
patients operated on primarily 15 or more years ago.
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